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DESCRIPTION 
ELECTRIC POWER SUPPLY SYSTEM 

[Technical Field] 

The present invention relates to an electric power supply system. More 
particularly, the present invention relates to an electric power supply system 
configured to collect self-producing gas and to generate electric power by 
utilizing the collected gas as fuel. 

[Background Art] 

There are various combustible self-producing gases. For example, 
these are a coal bed gas (also referred to as a Coal Mine Gas and simply 
expressed as CMG) contained in coal beds, a biomass gas resulting from 
fermentation and putrefaction of general wastes or agricultural and livestock 
wastes, and so on. Especially, since coal beds in which coals are buried in large 
amount are existing all over the world, there is a large amount of CMG on the 
earth. When coal beds are mined for obtaining coal, CMG is captured and 
drained in advance for securing safety during mining work. The amount of 
CMG and contents of combustible component (most of which is methane) of 
CMG vary with a lapse of time. The variation in the content of the combustible 
component of the gas means that the gas has various calories. 

Actually, all CMG is released to atmosphere around coal mines, or in the 
neighborhood of residential areas, the gas of high calorie (high-calorie gas) is 
collected and utilized in the city as a city gas, while the gas of low-calorie 
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(low-calorie gas) is released to atmosphere without utilization, because the low 
calorie is insufficient to use as a city gas. In addition, the amount of 
self-producing high-calorie gas varies, and therefore there is a need for a huge 
gas storage facility keeping a large amount of the high-calorie gas for the 
purpose of stable supply. 

Conventionally, there have been proposed technologies for utilizing the 
self-producing gases such as CMG for electric power generation. For example, 
there has been disclosed a system in which a gas engine generator capable of 
generating a predetermined amount of electric power using the self-producing 
low-calorie gas and another gas engine generator capable of generating a 
predetermined amount of electric power using the high-calorie gas (normal city 
gas) are combined to thereby allow power generation to be maintained while 
switching supply of the gas to these generators and their operating states (e.g., 
see Japanese Laid-Open Patent Application Publication No. 2002-202006). 
This system is intended to omit huge gas tanks that can store the self-producing 
gas by additionally using the normal city gas. 

However, since the calorie and the amount of CMG constantly vary 
irregularly, controlling the system and procedure to fully utilize CMG becomes 
more complex. Specifically, since an electric power is generated by the gas 
engines, the number of gas engines that may start and stop according to 
variation in the amount of gas supply, must be well controlled. This 
unavoidably causes specified gas engines to repeat start and stop so frequently, 
which may lead to shortened lives of the gas engines, and unstability of power 
distribution network. Furthermore, stable supply of the city gas is essentially 
needed, and therefore, in order to realize the above-described system in coal 



mining areas or landfill sites of wastes, such large-scale infrastructure as a city 
gas supplying system is required to be prepared. 

Meanwhile, there has been proposed a technology in which electric 
power is generated by a gas turbine using CMG as fuel, and the resulting carbon 
dioxide as exhausted gas is fed into coal beds and fixed therein together with air 
free from oxygen (e.g., see Japanese Laid-Open Patent Application Publication 
No. 2003-74372). However, this document does not disclose a system or a 
method for maintaining stable power generation by efficiently consuming 
low-calorie gas regardless of perpetual variation in the amount and calorie of the 
self-producing gas, which are the basic characteristic of the CMG. 

[Disclosure of the Invention] 

The present invention has been developed to solve the above-described 
problems, and an object of the present invention is to provide an electric power 
supply system capable of maintaining stable power generation or the like 
regardless of perpetual variation in the amount of supply of the self-producing 
gas and perpetual variation in its calorie. 

In order to achieve the above-described object, an electric power supply 
system comprises a gas engine; a gas turbine; a gas collecting device configured 
to collect a gas being generated; a gas separating device configured to classify the 
gas collected by the gas collecting device according to a content of combustible 
component contained in the gas; a calorie adjusting device configured to mix 
gases having different contents of the combustible component which are 
supplied from the gas separating device to adjust the content of the combustible 
component of the gas to be supplied to the gas engine and the gas turbine; and a 



4 



system control device configured to control an operation of the gas engine, an 
operation of the gas turbine, and an operation of the calorie adjusting device. 

In accordance with this system, it is possible to separate the collected 
gas according to the content of the combustible component contained therein, 
to operate the gas turbine with changing its load, to adjust the gas calorie to be 
constant within a predetermined range by the calorie adjusting device, and so 
on. Thereby, in spite of the perpetual variation in the amount of gas generation 
as well as the variation in the content of the combustible component of the gas, 
it is possible to avoid wasting the gas and lowering efficiency in power generation 
in the system due to such variations. In addition, the self-producing low calorie 
gas, which has been released to the atmosphere, can be utilized as a new energy 
source which is free of change for use. The self-producing gas may include coal 
mine gas, biomass gas resulting from fermentation and putrefaction of wastes, 
combustible gas generated from polluted sludge in sewage or landfill sites of 
waste, and so on. As used herein, the gas engine refers to a reciprocating 
engine, in which a gas is supplied to an inside of a cylinder as a fuel and 
combusted therein, and its rotational output is applied for electric power 
generation. 

The electric power supply system may further comprise: a gas amount 
balance monitor device configured to monitor balance of supply and demand 
between an amount of the gas consumed by the gas engine and the gas turbine 
under operating condition and an amount of the gas supplied from the calorie 
adjusting device to the gas turbine and the gas engine, wherein the system 
control device is configured to control the operation of at least one of the gas 
engine, the gas turbine, and the calorie adjusting device, based on a signal from 
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the gas amount balance monitor device. 

The electric power supply system may further comprise an exhausting 
device provided on a gas supply passage through which the gas is supplied to 
the gas turbine and the gas engine, to release the gas in the gas supply passage 
to outside, wherein the system control device may be configured to control an 
operation of the exhausting device based on the signal from the gas amount 
balance monitor device. The system control device is configured to send an 
instruction to the exhausting device to cause it to release the gas based on a 
signal indicative of excess gas supply, which is sent from the gas amount 
balance monitor device, or to send an instruction to the exhausting device to 
cause it to stop releasing the gas, based on a signal indicative of deficiency of gas 
supply, which is sent from the gas amount balance monitor device. 

Preferably, the electric power supply system may further comprise a 
heat recovery boiler connected to the gas turbine. Thereby, the above demand 
can be met. Also, the electric power supply system may further comprise a 
steam turbine in the heat recovery boiler, and by doing so, energy efficiency can 
be further improved. 

The gas separating device may include, as major components, a 
combustible component meter configured to continuously measure the content 
of the combustible component of the gas collected by the gas collecting device, a 
plurality of gas supply passages through which the gases according to 
predetermined ranges of the content of the combustible component are supplied, 
and a passage-switching means configured to select one of the plurality of gas 
supply passages based on measurement results from the combustible 
component meter and to perform switching to the selected gas supply passage. 
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The calorie adjusting device may include, as major components, a 
plurality of gas supply passages to which gases separated according to the 
content of the combustible component by the gas separating device are supplied, 
a mixed gas supply passage to which the plurality of gas supply passages are 
connected, the mixed gas supply passage extending to the gas engine and the 
gas turbine, and opening and closing means configured to adjust open positions 
of the plurality of gas supply passages. In this construction, the gases with 
different contents of combustible component can be mixed to allow the gas to 
have a predetermined content. Also, in addition to the plurality of gas supply 
passages, the calorie adjusting device may further include an air supply passage 
to supply air. This facilitates adjustment of the content of the combustible 
component. 

It is preferable that the calorie adjusting device includes a feedback 
combustible component meter provided on the mixed gas supply passage, and a 
calorie adjustment control device configured to control the opening and closing 
means to allow the content of the combustible component to be set in a 
predetermined range, based on measurement results of the feedback 
combustible component meter. In this configuration, variation in the contents 
of the combustible component can be dealt with. 

In the electric power supply system, the gas amount balance monitor 
device may be provided on the mixed gas supply passage extending from the 
calorie adjusting device to the gas engine and the gas turbine, the gas amount 
balance monitor device may include, as major components, a closed container 
connected with the mixed gas supply passage, a pressure detector configured to 
detect an internal pressure of the closed container, and a first balance detector 
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configured to detect a degree of balance of supply and demand through 
comparison between detection results of the pressure detector and a preset 
reference pressure. In this configuration, when the amount of gas supply 
increases or decreases in relation to the amount of gas demand (amount of gas 
to be consumed by the gas engine and the gas turbine), the pressure in the 
closed container correspondingly increases or decreases. Thus, the degree of 
balance of supply and demand of the gas can be easily detected. 

In the electric power supply system, the gas amount balance monitor 
device may be provided on the mixed gas supply passage extending from the 
calorie adjusting device to the gas engine and the gas turbine, and the gas 
amount balance monitor device may include, as major components, a container 
having an upper end opening and configured to be connected with the mixed 
gas supply passage, a top lid configured to be vertically movable along inside of 
the container and to air-tightly close the upper end opening of the container, a 
position detector configured to detect a position of the top lid moving vertically, 
according to varying pressure in the container, and a second balance detector 
configured to detect a degree of balance of supply and demand based on a 
detection signal from the position detector. Also, in this construction, the 
degree of balance of supply and demand of the gas can be easily detected. 

In the electric power supply system, the system control device may be 
configured to perform control to cause at least one gas turbine in operating 
condition to adjust its load according to variation in an amount of gas supply 
during operation of both the gas engine and the gas turbine. The gas turbine is 
capable of easily varying its load during operation, and this characteristic is 
especially suitable for smoothly dealing with variation in the amount of gas 
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supply. On the other hand, the gas engine has higher power generation 
efficiency than that of the gas turbine, and is less susceptible to variation in 
atmospheric temperature, and therefore, such a configuration is more efficient 
and rational as the gas engines that generate electric power by combusting the 
gas (within a range of stable gas generation amount) that is not more than a 
minimum amount of the generating gas. In this manner, power generation 
efficiency is more increased and life of the system is more extended. In this 
case, the system control device may be configured to perform all controls 
according to a signal indicative of variation in the amount of gas supply from the 
gas amount balance monitor device. 

An embodiment of an electric power supply system of the present 
invention will be described with reference to the attached drawings. 

[Brief Description of the Drawings] 

Fig. 1 is a block diagram showing a part of a system according to an 
embodiment of the present invention; 

Fig. 2 is a block diagram showing another part of the system according 
to the embodiment of the present invention; 

Fig. 3 is a block diagram showing an example of a gas separating device 
in the system in Fig. 1; 

Fig. 4 is a block diagram showing an example of a gas calorie adjusting 
device in the system in Fig. 1 ; 

Fig. 5 is a block diagram showing an example of a gas amount balance 
monitor device in the system in Fig. 1; 

Fig, 6 is a block diagram showing another example of the gas amount 
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balance monitor device in the system in Fig. 1; 

Fig. 7 is a graph showing a relationship between variation in the amount 
of generated gas and the amount of gas consumed by gas engines and gas 
turbines in the system in Figs. 1 and 2; and 

Fig. 8 is a graph showing a relationship between the amount of 
generated gas and an operation mode in the system in Figs. 1 and 2. 

[Best Mode for Carrying Out the Invention] 

Fig. 1 and Fig. 2 are block diagrams each showing an electric power 
supply system (hereinafter simply referred to as a system) 1 according to an 
embodiment of the present invention. For the sake of convenience, the system 
1 is illustrated as being divided into two parts, but these parts are connected 
integrally to each other. A right-hand end of a mixed gas supply piping 50 in 
Fig. 1 is connected to a left-hand end of the mixed gas supply piping 50 in Fig. 2. 
That is, Fig. 1 shows a collecting system of a source gas in this system and Fig. 2 
shows a system including gas engines and gas turbines to generate electric 
power and heat from the collected gas. The above-described systems in Fig. 1 
and Fig. 2 are connected to each other through pipings, control cables, and so 
on. In Fig. 1 and Fig. 2, as the source of the self-producing gas, mine cavities M 
and coal beds C are illustrated. The gas being collected from the coal beds C of 
the mine cavities M are called Coal Mine Gas containing methane as a main 
combustible component. The system 1 is configured to combust the methane 
as fuel and to gain electric power and heat (steam, hot water, etc) from its 
thermal heat energy. 

As shown in Fig. 1, gas collecting ports 2 are provided in coal beds C of 



10 



the coal cavities M. The collecting ports 2 serve to collect methane contained in 
the coal beds C before mining is started, to ininimize leakage of the methane into 
the mine cavities M where miners are working. The collecting ports 2 are 
provided in each of coal beds C in each neighborhood of the mine cavity M. In 
order to secure safe mining, collect combustible gases such methane efficiently, 
and minimize leakage of the combustible gases into the mine cavity M, a 
required number of (a plurality of) collecting ports 2 are provided in coal beds C. 
The gas collecting ports 2 are connected with gas engines 3 and gas turbines 4 
in Fig. 2 through pipings 5, 1 1, and 50. Various devices are installed on the 
pipings 5, 1 1, and 50. Hereinbelow, it is assumed that these devices are 
installed on the pipings 5, 1 1 and 50. First, a suction device 6 is installed with 
a blower or the like that suctions the gas from the collecting port 2. The 
suction device 6 and the collecting port 2 constitute a gas collecting device. A 
flow meter 7 is installed on the piping 5. 

A gas separating device 8 is provided on a downstream side of the gas 
flow of each suction device 6. The gas separating device 8 serves to classify and 
separate the collected gas according to the content of combustible gas 
component (hereinafter represented by methane), as will be described in detail 
later. Plural types of gases (three types of gases in this embodiment) classified 
according to the concentration of the methane are allocated to pipings 11, 12, 
and 13. The gas containing high-concentration methane is called a 
high-calorie gas, the gas containing low-concentration methane is called a 
low-calorie gas, and the gas containing intermediate-concentration methane is 
called an intermediate-calorie gas. The low-calorie gas is sent to the piping 1 1 . 
The intermediate-calorie gas is sent to the piping 12. The high-calorie gas is 
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sent to the piping 13. As defined herein, in this embodiment, the high-calorie 
gas contains methane of 60 volume % or more, the intermediate-calorie gas 
contains methane of not less than 40 volume % and less than 60 volume %, and 
the low-calorie gas contains methane of less than 40 volume %. By way of 
example, in this embodiment, the gas is classified into three types of gases, but 
this classification is only illustrative. As will be described later, the gas may be 
divided into four or more types of gases. 

The high-calorie gas usable as industrial source gas is collected 
independently and supplied to user points U 1 . The intermediate-calorie gas 
usable as city gas is collected independently and supplied to user points U2. 
The low-calorie gas is mainly used as source gas in the system 1, while the 
high-calorie gas and the intermediate-calorie gas are partially used to adjust 
concentration of the low-calorie gas as required. This is only because the gas 
collected from coal beds C is perpetually unstable in its flow rate per unit time 
and/or the concentration of methane. 

A relief valve 9 is provided between the suction device 6 and the gas 
separating device 8 to release to atmosphere the gas being collected. The relief 
valve 9 releases the collected gas for securing mining safety even during 
maintenance or failure of the gas separating device 8. 

The low-calorie gas supply piping 1 1 extends from the gas separating 
device 8 and is connected to a gas calorie adjusting device 10. A filter (gas 
cleaner) 14 is provided on the low-calorie gas supply piping 1 1 extending to the 
gas calorie adjusting device 10. The gas calorie adjusting device 10 serves to 
adjust the methane concentration of the low-calorie gas delivered into the device 
10, in order to maintain stable combustion in the gas engines 3 or the gas 
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turbines 4, as will be described later. The gas calorie adjusting device 10 serves 
to adjust the concentration of methane as combustible component, and hence 
may be called a heating value adjusting device alternatively. A mixed gas 
supply piping 50 extends from the gas calorie adjusting device 10 to yards E and 
T where the gas engines 3 and the gas turbines 4 are installed. 

When the methane concentration of the low-calorie gas being delivered 
to the gas calorie adjusting device 10 through the low-calorie gas supply piping 
1 1 is within an allowable range, the gas calorie adjusting device 10 supplies the 
low-calorie gas to the mixed gas supply piping 50 on downstream side. On the 
other hand, when the methane concentration varies and becomes above or 
below the allowable range, then, air, the high-calorie gas, or the 
intermediate-calorie gas is selectively mixed with the low-calorie gas for 
concentration adjustment. For this purpose, a branch piping 13a extending 
from the high-calorie gas piping 13, a branch piping 12a extending from the 
intermediate calorie gas piping 12, and an air supply piping 15 are each 
connected to the gas calorie adjusting device 10. The pipings 12a, 13a, and 15 
are provided with cleaners (including filters) 46 configured to remove dust or the 
like, and boosters (e.g., blowers) 47 configured to send the gas under pressure to 
the gas calorie adjusting device 10. 

A gas amount balance monitor device 16 is provided on a downstream side 
of the gas calorie adjusting device 10 and connected thereto through the mixed 
gas supply piping 50. The gas amount balance monitor device 16 serves to 
balance the amount of gas being supplied from an upstream side and the 
amount of gas to be consumed by the gas engines 3 or the gas turbines 4, as will 
be described later. Due to variation in the amount of gas collected from coal 
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beds C, the gas amount balance monitor device 16 needs to balance the amount 
of gas being supplied and the amount of gas being consumed by the gas engines 
3 or the gas turbines 4. When the gas happens to be supplied excessively, the 
excess gas is released to atmosphere, while when the gas is supplied 
insufficiently, some of the gas turbines less loaded than other gas turbines are 
stopped, as described later. In other case, the gas calorie adjusting device 10 
mixes the atmospheric air with the high-calorie gas or the intermediate-calorie 
gas to generate a required amount of the low-calorie gas and to supply the gas 
for making up for deficiency of the low-calorie gas. 

As shown in Fig. 2, major components such as the gas engines 3, the 
gas turbines 4, heat recovery boilers 19, and steam turbines 17 are provided to 
generate electric power, and to supply steam and hot water using the gas 
collected from the coal beds C as fuel. The mixed gas supply piping 50 in Fig. 1 
branches into pipings 50a and 50b, through which the fuel gas is supplied to 
the engine yard E and the turbine yard T. The piping 50a extending to the 
engine yard E and the piping 50b extending to the turbine yard T are 
respectively provided with shut-off valves 23. 

The plurality of gas engines 3 are provided within the engine yard E. 
One generator 18 is connected to a corresponding gas engine E and configured 
to generate electric power. While four gas engines 3 are provided in this 
embodiment, the number of gas engines is not intended to be limited to three, 
but may be one, two, three, or five or more as desired. A plurality of gas engines 
3 had better be provided in order to continue power generation when any of the 
engines 3 fails to operate or is stopped for maintenance. Hot water obtained 
through cooling the gas engines 3 and hot water obtained through heat recovery 
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boiler in which an exhaust gas from the gas engines 3 flows are supplied to user 
points U3. 

A combined cycle co-generation system is provided in the turbine yard T, 
for example. In this system, both the gas turbines 4 and the steam turbine 17 
are provided for generating electric power most efficiently. Also, the system 
serves as a co-generation system which can supply steam as well. Specifically, 
each of the generators 18 is connected with a corresponding gas turbine 4 and 
configured to generate electric power. In addition, heat recovery boilers 
(hereinafter simply referred to as boilers) 19 are provided to generate steam by 
utilizing heat of the gas discharged from the gas turbines 4, and configured to 
supply steam to the steam turbine 17 described later and user points U4 that 
directly consume the steam. A flow rate control valve 45 is provided on a 
downstream side of the boilers 19 to adjust supply of the steam to the user 
points U4. The generator 18 is connected to the steam turbine 17. When a 
larger amount of steam is demanded during, for example, winter, the steam 
directly supplied from the boilers 19 to the user points U4 is increased, whereas 
when a small amount of steam is demanded during, for example, summer, the 
steam supplied from the boilers 19 to the steam turbine 17 is increased for 
power generation. These are controlled in accordance with an instruction from 
the system control device 100 as described later. 

While three gas turbines 4 and one steam turbine 17 are provided in this 
embodiment, the quantity is not intended to be limited, but may be increased as 
planned and desired. When each of the gas turbines 4 is provided to a 
corresponding steam turbine 17, both may be connected with each other on the 
same shaft, and one generator 18 may be connected with the shaft. Also, 
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instead of the combined cycle power generating unit described in this 
embodiment, a simple cycle may be adopted. The simple cycle is configured to 
generate electric power by using only gas turbines without steam turbines. The 
co-generation system can be configured by using the simple cycle. By 
installing boilers behind the gas turbines, residual heat in the exhausted gas 
can be recovered as steam. Further, in both of the combined cycle and the 
simple cycle, it is not necessary to adopt the co-generation system if the residual 
heat is not needed for purposes other than power generation. 

As shown in Fig. 2, the mixed gas supply pipings 50a and 50b are 
provided with a boosting blower 20 configured to send the fuel gas under 
pressure to the gas engines 3 and a compressor 21 configured to send the fuel 
gas under pressure to the gas turbines 4, respectively. These gas boosting 
means are selected to generate gas pressures according to components to be 
used (engines or turbines). Specifically, the blower 20 is used to supply gas 
with relatively-low pressure to the gas engines 3, while the compressor 21 is 
used to supply gas with a relatively-high pressure to the gas turbines 4. A 
filter 22 is provided on downstream side of each of the blower 20 and the 
compressor 21 to remove dust from the gas. 

Fig. 3 shows the above-described gas separating device 8. In the gas 
separating device 8, the piping 5 branches into the pipings 11, 12, and 13. The 
gas separating device 8 comprises a combustible component meter (calorie 
meter) 24 installed on the piping 5, adjusting valves 25 respectively provided for 
the pipings 11,12 and 13, and a gas separation control device 26 configured to 
control opening and closing of the adjusting valves 25 according to the methane 
concentration of the collected gas. The calorie meter 24 is of a methane 
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concentration meter type configured to continuously measure a methane 
content of the collected gas. 

The gas separation control device 26 opens the adjusting valve 25 on the 
pipings 11, 12, and 13, based on information in real time, indicative of the 
methane concentration of the collected gas from the calorie meter 24, and closes 
the adjusting valves 25 of the remaining pipings. In this configuration, the 
low-calorie gas is sent to the piping 1 1 , the intermediate-calorie gas is sent to the 
piping 12, and the high-calorie gas is sent to the piping 13. The gas separating 
device 8 is capable of supplying gasses with the predetennined methane 
concentrations to the pipings 11,12 and 13, respectively, regardless of variation 
in the methane concentration of the collected gas. As the calorie meter, a 
conventional type methane concentration meter may be used. 

While the collected gas is classified into three types of gases according to 
methane concentration, i.e., the high-calorie gas, the intermediate-calorie gas, 
and the low-calorie gas, the collected gas may be classified into two or four or 
more types of gases. For example, the low-calorie gas containing a methane of 
less than 40 volume % may be further classified into a low-calorie gas 
containing a methane concentration ranging between 20 volume% and 40 
volume %, and a low-calorie gas containing a methane concentration of less 
than 20 volume%. By doing so, the gas calorie adjusting device 10 to be 
described later can make calorific adjustment only by using the collected gas 
without providing the air supply piping 15. Such a change in classification 
standard may suitably be performed in accordance with an instruction from the 
control device 100 to be described later to the gas separation control device 26. 

Fig. 4 shows the gas calorie adjusting device 10. The low-calorie gas 
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piping 11, the intermediate-calorie gas piping 12a, the high-calorie gas piping 
13a, and the air supply piping 15 are each connected to the gas calorie adjusting 
device 10. More specifically, the intermediate-calorie gas piping 12a, the 
high-calorie gas piping 13a, and the air supply piping 15 are connected to the 
low-calorie gas piping 1 1 passing through the gas calorie adjusting device 10. 
The gas calorie adjusting device 10 comprises flow meters 27a, 27b, 27c, and 
27d, flow rate control valves 28a, 28b, 28c, and 28d installed on the pipings 11, 
12a, 13a, and 15, and calorie meters 29a, 29b, and 29c installed on the gas 
supply pipings 11, 12a, and 13a. In addition, the gas calorie adjusting device 
10 comprises a calorie meter 30 installed on the mixed gas supply piping 50. 
Further, the gas calorie adjusting device 10 comprises a calorie adjustment 
control device 32. 

In the calorie adjustment control device 32, a suitable range of methane 
concentration for performing ideal combustion in the gas engines 3 and the gas 
turbines 4 are predeterrnined. For example, the suitable range is specifically 
plus minus 2% of 35 volume %. In order to send the gas with such methane 
concentration to the mixed gas supply piping 50, each of the flow rate control 
valves 28a, 28b, 28c, and 28d within the gas calorie adjusting device 10 are 
controlled so. Specifically, feedback control is performed based on a methane 
concentration detection signal from the calorie meter 30 installed on the mixed 
gas supply piping 50. 

For example, when the flow rate control valve 28a is opened, and it is 
judged that the methane concentration of the gas being delivered from the 
low-calorie gas piping 1 1 is within the above predetermined range, based on the 
signal from the calorie meter 30 (or calorie meter 29a of the piping 11), the flow 



18 



rate control valves 28b, 28c, and 28d are closed, thereby allowing the gas to be 
supplied only from the piping 11. When the methane concentration exceeds 
the predetermined range, the flow rate control valve 28d of the air supply piping 
15 is opened to decrease the methane concentration so that the concentration 
deviation may become zero, and kept adjusting its opening position in 
accordance with the signal from the calorie meter 30. Conversely, when the 
methane concentration becomes lower than the predetermined range, the flow 
rate control valve 28b of the intermediate-calorie gas piping 12 and/ or the flow 
rate control valve 28c of the high-calorie gas piping 13 are appropriately opened 
to increase the methane concentration so that the concentration deviation may 
become zero, and kept adjusting their opening positions of the flow rate control 
valve 28c in accordance with the signal from the calorie meter 30. In this case, 
the opening position of the flow rate control valve 28a of the low-calorie gas 
piping 1 1 can be adjusted as desired. 

As described later, a signal indicative of deficiency of gas supply is sent 
from the gas amount balance monitor device 16. Specifically, when the 
amount of gas being supplied from the mixed gas supply piping 50 is below the 
amount of gas required in the gas consumption yards E and T, the gas amount 
balance monitor device 16 sends the signal indicative of this. Accordingly, the 
gas calorie adjusting device 10 generates a low-calorie gas to make up for the 
deficiency of the gas. More specifically, in accordance with an instruction from 
the calorie adjustment control device 32, the flow rate control valve 28b of the 
intermediate-calorie gas 12 and /or the flow rate control valve 28c of the 
high-calorie gas piping 13, and the flow rate control valve 28d of the air supply 
piping 15 are opened, thereby generating the necessary amount of the 
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low-calorie gas. A methane concentration thus generated low-calorie gas by 
mixing and the low-calorie gas being supplied from the low-calorie gas piping 1 1 
is set within the predetermined range by the above-described control. 

Fig. 5 shows the gas amount balance monitor device 16. The gas 
amount balance monitor device 16 comprises a small-volume tank 33 
connected with the mixed gas supply piping 50, a top Hd 34 configured to 
air-tighdy close an upper end opening of the tank 33 and to be vertically 
movable along inside of the tank 33, a counter-weight 35 installed on the top lid 
34, a position sensor 36 configured to detect a vertical position (height) of the top 
lid 34, and a balance detector 37. The top lid 34 is vertically movable according 
to balance between the pushing down force of the top lid 34 with the 
counter-weight 35 and an atmospheric pressure, and the pushing up force by 
an internal pressure of the tank 33. As defined herein, the small volume of the 
tank 33 means, for example, the volume of the gas which may be consumed by 
one gas turbine for a period of 10 to 15 minutes . If the gas contains a methane 
concentration of 35 volume % and the gas turbine has a rated output of 
approximately 1600kw, the volume is approximately 300 to 500 cubic meters. 
As the position sensor 36, a photoelectric type or a ultrasonic type may be used. 

Instead of the top lid 34 configured to air-tightly close the upper end 
opening of the tank 33, a flexible bag like a balloon, which is connected with the 
mixed gas supply piping 50, may be provided in the tank 33, and a component 
capable of being detected by the position sensor 36 may be installed on the 
balloon. 

In accordance with the gas amount balance monitor device 16, when the 
gas being supplied is equal in amount to the gas being consumed by the 
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consumption yards E and T. i.e., these amounts are properly in balance, the 
internal pressure of the tank 33 (higher than the atmospheric pressure) is 
constant. By adjusting the counter-weight 35, a vertical position (reference 
position) B of the top lid 34 is set for keeping these amounts properly in balance. 
The balance detector 37 contains the reference position B, an allowable range L 
to H, caution zones LL to L, and H to HH, and alarm zones LLL to LL, and HH to 
HHH, which are described later. When the amount of supplied gas exceeds the 
amount of consumed gas, the internal pressure of the tank 33 increases, 
thereby causing the top lid 34 to move upward. Conversely, when the amount 
of supplied gas becomes below the amount of consumed gas, the internal 
pressure of the tank 33 decreases, thereby causing the top lid 34 to move 
downward. Based on the reference position B, the lower value L and the upper 
value H of the allowable range of the top lid 34 are set. In a case where 
variation in supply and demand stays within the allowable range L to H, the 
balance detector 37 sends no instruction for action. Outside of the allowable 
range L to H, lower and upper caution zones LL to L and H to HH are set as 
predetermined ranges. When the top lid 34 lies within the caution zones LL to 
L or H to HH, the balance detector 37 sends an instruction to a predetermined 
portion within the system 1 to cause it to search a cause of such unbalance 
between supply and demand. Based on the caution zones LL to L and H to HH, 
lower and upper alarm zones LLL to LL to HH to HHH are set as predetermined 
ranges. When the top lid 34 lies within the alarm zones LLL to LL or HH to 
HHH, the balance detector 37 sends an instruction to a designated portion 
within the system 1 to cancel such an unbalance between demand and supply. 
And, the instruction is processed and performed to cancel such an unbalance. 
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How the unbalance is corrected described below. In the range of LLL to 
LL (i.e., deficiency of gas), the gas turbine 4 is less loaded, or operation of the gas 
turbine 4 and/or the operation of the gas engine 3 are stopped. When the 
engines are not allowed to be less-loaded in order to meet a demand for electric 
power and heat, the gas calorie adjusting device 10 increases production of the 
low-calorie gas. In the range of HH to HHH, the load of the gas turbine 4 is 
increased, or the other gas turbine 4 and/or the gas engine 3 which are under 
temporarily stop are re-started. Or, an exhausting device 38 (Fig. 1) located on 
downstream side of the gas amount balance monitor device 16 is activated to 
release the excess gas. The exhausting device 38 may be installed at any 
desired location of the gas supply pipings 1 1 and 50, rather than downstream 
side of the gas amount balance monitor device 16. Also, the number of the 
exhausting devices 38 is not intended to be limited. The exhausting device is 
capable of releasing all possible low-calorie gases. The low-calorie gas is not 
intended to be released to atmosphere for safety, but may be supplied to user 
points which require the low-calorie gas for other intended application. 

The exhausting device 38 comprises the flow meter 43 and the flow rate 
control valve 44 installed on the mixed gas supply piping 50. The flow meter 43 
is adapted to measure the amount of released gas in determining the number of 
the gas engines 3 or the gas turbines 4 which are to be operated actually. The 
flow rate control valve 44 is closed in a normal operation. And, as described 
above, when the amount of gas supply significantly exceeds the amount of gas 
demand, the flow rate control valve 44 is opened to cancel such unbalance 
between supply and demand of the gas, so that the gas is released to 
atmosphere or excess gas is supplied to other user points. That is, the flow rate 
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control valve 44 functions as a relief valve, and therefore, the exhausting device 
38 may be called a safety device. 

Fig. 6 shows a gas amount balance monitor device 39 having another 
construction. The gas amount balance monitor device 39 comprises a closed 
tank 40 connected with the mixed gas supply piping 50, a pressure detector 41 
configured to detect an internal pressure of the closed tank 40, and a balance 
detector 42. The internal pressure of the closed tank 40 under such a 
condition as supply and demand of the gas are properly balanced is set in the 
balance detector 42 as a reference pressure. In the same manner as described 
above, an allowable range, caution zones, and alarm zones are set in the balance 
detector 42 based on a detected pressure. The reference pressure is 
determined based on performance of the suction device 6. Typically, the 
reference pressure is approximately 500mmAq. And, in the same manner as 
described above, in the caution zones, the balance detector 42 sends an 
instruction to a designated portion within the system 1 to cause it to search a 
cause of unbalance between demand and supply of the gas. In the alarm zones, 
the balance detector 42 sends an instruction to the designated portion in the 
system 1 to cause it to cancel such an unbalance. And, the instruction is 
performed to cancel such an unbalance. The unbalance is cancelled in the 
same manner as described above. 

The system 1 comprises a system control device 100 configured to 
control an operation of the whole system 1. In the system 1, controlling 
components by control devices 26 and 32 equipped therein, signals sent from 
the detectors 37 and 42 and meters, controlling the whole system 1 by the 
system control device 100, are cooperative by carrying out efficient and safe 
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operation. Hereinbelow, an example of the operation of the system 1 is 
described. 

In a case where the system 1 is installed in, for example, coal mines, the 
generating condition of the low-calorie gas and the actual amount variation 
(including maximum and minimum) are usually surveyed in advance. Based 
on this survey results, gas engines and gas turbines capable of consuming the 
maximum amount of gas are decided and installed. And, the gas less than a 
predicted minimum amount is consumed by the gas engines. As shown in Fig. 
7, an example of operation of the system 1 is such that varying portion V of the 
low-calorie gas from the coal beds C or the like, which varies from stable 
generation amount S, is consumed by the gas turbines 4, and the gas (gas of 
stable generation amount S) which is less than the predicted minimum amount 
is consumed by the gas engines 3. When the low-calorie gas is used as fuel, the 
gas engines are typically operated with ON-OFF mode, because, the gas engines 
are less suitable for such operation as the load is always varying. On the other 
hand, the gas turbine can operate easily with varying load, and therefore, the 
gas with varying amount is more suitable for the gas turbine. In Fig. 7, an 
abscissa axis represents time such as day week and month, and an ordinate 
axis represents the amount of generated low-calorie gas. 

Fig. 8 shows an example of procedure of starting the system 1 . In 
accordance with this procedure, firstly, a plurality of gas engines 3 are started 
one after another. Under a steady operation, conditions of the gas engines 3, 
the gas turbines 4 and the steam turbine 17 are secondly started. Since the 
gas engines 3 and the gas turbines 4 are designed so that their capabilities of 
power generation and heat supply, i.e., the maximum amount of gas to be 
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consumed by the gas engines 3 and the gas turbines 4 exceeds the amount of 
generated gas as described above, some of the gas engines 3 are inactive. In Fig. 
8, an abscissa axis represents an operation mode and an ordinate axis 
represents the amount of gas consumed in the power generation and heat 
supply yards E and T. Also, the abscissa axis corresponds to time, and the 
ordinate axis corresponds to a system output. In Fig. 8, each of Gel to Ge4 
denotes the amount of gas consumed by each gas engine 3, and each of Gtl and 
Gt2 denotes the amount of gas consumed by each gas turbine 4. And, each of 
Qa to Qe denotes the amount of gas released to atmosphere in each operation 
mode, and Tm denotes the minimum amount of gas necessary to maintain 
operation of one gas turbine 4. 

In general, the gas is always generated from coal beds C with some 
variation in the amount of collected gas. The gas is suctioned by the suction 
devices 6 (Fig. 1) as much as possible for the purpose of safety mining in the 
mine cavities M. Before starting the operation in the power generation and 
heat supply yards E and T in the system 1, the high-calorie gas and the 
intermediate-calorie gas, which have been separated from the suctioned gas by 
the gas separating device 8, are supplied to the corresponding user points Ul 
and U2 (Fig. 1). On the other hand, since the low-calorie gas can not be utilized 
by other equipment except the system 1 , the low-calorie gas is usually released 
outside from the exhausting device 38 or the like before the gas engines 3 and 
the gas turbines 4 are started. Based on the information from the flow meter 
43 installed on the exhausting device 38 or the like, the system control device 
100 knows the flowing rate of the gas in the low-calorie gas piping 11. In 
addition, the system control device 100 detects the flow rate of gas consumed by 



25 



one gas engine 3, the flow rate of gas consumed by one gas turbine 4, and each 
of the number of the gas engines 3 and the gas turbines 4. 

In accordance with an instruction from the system control device 100, 
the gas engines 3 are sequentially started ((A) to(D) in Fig. 8). Concurrently with 
this, the flow rate control valve 44 of the exhausting device 38 is gradually closed. 
During this operation, the system control device 100 compares the information 
(amount of gas released to atmosphere) from the flow meter 43 of the exhausting 
device 38 with the amount of gas consumed by a certain gas engine 3, and 
starts a subsequent gas engine 3. When one of the four gas engines 3 is 
installed as a spare engine, the three gas engines 3 are started. Then, the 
system control device 100 compares the information from the flow meter 43 
with a minimum amount of gas consumed by one gas turbine 4 (Tm in Fig. 8), 
and starts one gas turbine 4 ((E) in Fig. 8). When it becomes necessary to 
release the gas from the exhausting device 38 based on the information from the 
flow meter 43 while the gas turbine 4 keeps on operating under a load of 
approximately 100% (full load), other gas turbines 4 are sequentially started ((F) 
in Fig. 8) to consume the surplus gas. Instead of starting a subsequent gas 
turbine 4 after the load on one gas turbine 4 becomes full as shown in Fig. 8, a 
plurality of the gas turbines 4 may be started at the same time and operated 
under intermediate load. 

The above-described procedure for start, i.e., the procedure for 
sequentially starting of the gas engines 3 and the gas turbines 4 is, of course, 
applicable to a case where the amount of generated gas is increasing while the 
operation in the power generation and heat supply yards E and T is partially 
carried out under a condition in which the gas generates less than normal. 
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The purpose of the system 1 is to efficiently consume the gas collected 
from the coal beds C or the like, and to meet demands for electric power and/or 
heat as much as possible by utilizing the self-producing gas. Therefore, when 
the gas being generated is sufficient for operating the system 1, all of the gas 
engines 3 and the gas turbines 4, other than the spare gas engine 3, are 
operated. Even when the gas being supplied is less in amount and hence some 
of the gas engines 3 and some of the gas turbines 4 are operating, it is preferable 
that at least one gas turbine 4 continues to consume the varying portion of the 
gas. This is because only the gas turbine 4 can easily and smoothly vary its 
load but the gas engines 3 cannot do so. Also, even when stable generation 
amount S in Fig. 7 decreases, at least one gas turbine 4 among all gas turbines 
and gas engines needs to continue to be operated. 

When the amount of generated gas decreases during operation of the 
whole system 1, the following operation is carried out. Specifically, when the 
system control device 100 receives a signal (LL signal) indicative of the range of 
LL to L from the gas amount balance monitor device 16, this is recognized by an 
operating personnel by using a display device or an announce device (not 
shown). Also, upon receiving a signal (LLL signal) indicative of the range LLL to 
LL, the system control device 100 sends an instruction to at least one gas 
turbine 4 to reduce the load. In response to this instruction, the gas turbine 4 
decreases the amount of gas consumption. If the gas mount balance monitor 
device 100 continues to send the LLL signal, the system control device 100 
sends an instruction to sequentially stop operation of the gas turbines 4 or the 
gas engines 3. Also, in this case, in order to consume the gas varying in flow 
rate, one gas turbine 4 continues to be operated until it comes to stop. 
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Alternatively, as a matter of course, emergency stop of the power generation and 
heat supply yards E and T may be carried out automatically or manually. 

Meanwhile, external information OD relating to energy demand such as 
electric power demand or steam demand, is memorized in the system control 
device 100. The system control device 100 controls starting and stopping of the 
gas engines 3 or the gas turbines 4 by comparing the information OD with 
actual power generation amount and actual steam supply amount. In an 
alternative example of the above process, when judging that the low-calorie gas 
needs to be increased according to energy demand, the system control device 
100 sends an instruction to the gas calorie adjusting device 10 to cause it to 
increase generation of the low-calorie gas. 

In a case where electric power demand decreases and steam demand 
does not change while the amount of generated gas is constant, the system 
control device 100 sends an instruction to sequentially stop operation of the gas 
engines 3 and to keep operations of the gas turbines 4. In addition, the system 
control device 100 sends an instruction to the flow rate control valve 44 of the 
exhausting device 38, and based on the signal from the gas amount balance 
monitor device 16 to cause it to open, the open position of the flow rate control 
valve 44 is adjusted and thereby excess gas is released. Conversely, when only 
steam demand decreases and electric power demand does not change, the load 
of the gas turbines 4 is reduced, and the remaining gas engine 3 is started 
instead. When both electric power demand and steam demand decrease, the 
gas turbine 4 is operated under a reduced load, and the gas engines 3 are 
sequentially stopped. 

On the other hand, when the amount of gas being generated increases 
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while part of the gas engines 3 and the gas turbines 4 are operating, the gas 
amount balance monitor device 16 sends a HH signal or a HHH signal, and the 
number of the gas engines 3 and the gas turbines 4 to be operated is increased 
under the similar control as in starting the system 1. Also, when the amount 
balance monitor device 16 sends the HH signal unexpectedly while the whole 
system 1 is operating, this is recognized by an operator through the display 
device or the announce device (not shown). Further, when the monitor device 
16 sends the HHH signal, the system control device 100 sends an instruction to 
the flow rate control valve 44 of the exhausting device 38 to cause it to open. 
And, the system control device 100 adjusts the open position of the flow rate 
control valve 44 based on the signal from the gas amount balance monitor 
device 16. Since the signal (such as LLL signal or HHH signal) from the gas 
amount balance monitor device 16 indicates the deviation from the reference B, 
the open position of the flow rate control valve 44 is adjusted to cancel such a 
deviation. 

In the above described embodiment, the varying gas amount V is 
consumed by the gas turbines capable of easily and quickly adjusting the load, 
and the gas engines 3 consume constantly the gas, that is, the constant amount 
S less than the minimum V. This is because such an operating method is very 
effective. However, the present invention is not intended to be limited to this, 
but the gas turbines 4 may be handled as in the gas engines 3, for example, may 
be operated in on-off mode depending on the gas generating conditions. 

While the coal mine gas collected from coal beds C has been described 
as a source gas in the above described embodiment, the present invention is not 
intended to be limited to the CMG. For example, methane generated or 
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extracted from organic polluted sludge during sewage treatment may be used. 
Also, biomass gas obtained by fermenting biomass of agricultural wastes, 
biomass of woody wastes, livestock wastes, and other natural wastes, may be 
used. Furthermore, methane (called landfill gas) generated by fermentation 
and decomposition of general wastes including garbage in landfill sites may be 
used. 

Source materials of these gases are all wastes, and therefore, the 
amount of generated gases varies with a lapse of time. In particular, the 
amount of generated landfill gas decreases with a lapse of time, because of 
characteristics of the landfill wastes. In order to utilize such gas sources 
effectively, low-output gas engines together with gas turbines are equipped in a 
transporter, and moved to landfill sites and installed therein in for a short term 
use while the gas is available enough. 
[Industrial Applicability] 

In accordance with the present invention, self-producing gas being 
released to atmosphere, which is not used practically but causes air pollution, 
can be utilized as a clean fuel and converted into such energy as electric power, 
steam, and the like. Furthermore, the varying portion of the generating gas can 
be entirely consumed efficiently without loss. 



